1. Introduction {#sec1}
===============

Stroke is sudden brain cell death due to lack of oxygen when blood flow to the brain is lost by blockage or rupture of an artery in ≥24 h of symptoms onset, with no apparent cause other than vascular origin \[[@bib1], [@bib2], [@bib3], [@bib4]\]. It is one of the most common medical emergencies \[[@bib5]\] and the leading cause of preventable death and long-term disability worldwide \[[@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12]\]. The burden of stroke is significantly high and is not only attributable to the high mortality and morbidity, but also to the high long-term disability \[[@bib13], [@bib14], [@bib15]\]. It is also the leading cause of acquired disability and the third leading cause of mortality among women globally \[[@bib16]\].

Stroke is an important disease globally putting pressure on the community health care system \[[@bib17],[@bib18]\]. Additionally, it is a devastating condition associated with significant socio-economic costs \[[@bib14],[@bib19],[@bib20]\]. The first-time incidence of stroke occurs in almost 17 million times a year worldwide and one in six people worldwide will have a stroke in their lifetime \[[@bib18],[@bib21]\]. Early-onset mortality is common in hemorrhagic stroke (HS), whereas late mortality is prevalent among ischemic stroke (IS) \[[@bib22]\].

Low and middle-income countries (LMICs) have the largest burden of stroke, consisting of more than 75% of stroke mortality globally and more than 80% of the total disability-adjusted life years \[[@bib7],[@bib23], [@bib24], [@bib25], [@bib26]\]. Globally, sub-Saharan Africa (SSA) has the highest incidence and case-fatality from stroke \[[@bib10],[@bib27]\]. During the past several decades, the burden of stroke in the world has shifted from developed to developing countries \[[@bib12],[@bib24]\]. This shift is thought to be driven by the aging of the population, population growth and changing patterns of diseases because of changes in risk factors and differences in socioeconomic status \[[@bib12],[@bib28]\]. Unlike developing countries, stroke mortality is decreasing in the developed world \[[@bib26],[@bib29]\]. The decreased percentage of stroke hospitalization and mortality in developed countries over the last decade likely reflect the advancements in acute stroke care \[[@bib26],[@bib30],[@bib31]\].

The contribution of various risk factors to stroke globally is unknown, particularly in LMICs \[[@bib7]\]. SSA is undergoing an epidemiological transition where stroke and other vascular diseases are increasingly \[[@bib32]\]. The reasons for the high burden of stroke are linked to the high rates of risk factors like hypertension, diabetes mellitus, alcohol intake and smoking \[[@bib33]\]. Various risk factors apply specifically to African community in the development of a stroke \[[@bib34]\]. Additionally, the poor are increasingly affected because of both the changing exposures to risk factors and the inability to afford the cost of the medications \[[@bib18],[@bib30],[@bib35]\]. Moreover, it remains uncertain if increased urbanization and life expectancy will shift the SSA region to a higher burden in the future \[[@bib36]\].

In Ethiopia, stroke has become a major cause of morbidity, long-term disability and mortality \[[@bib34]\]. The burden of IS and HS varies between the regions and over time \[[@bib37]\]. Previous hospital-based studies conducted in Ethiopia reported that stroke patients suffer at a relatively young age and a higher proportion of HS than IS unlike Western countries \[[@bib25],[@bib38]\]. The increasing burden of this stroke in Ethiopia poses a challenge to the health care system \[[@bib39]\]. Resources for stroke care and rehabilitation are deficient \[[@bib17],[@bib30]\]. Furthermore, in-hospital mortality is higher and the majority of the patients were discharged with severe disability \[[@bib38]\]. This has a series of implications in terms of saving the life of patients which are characterized by a severe neurologic presentation \[[@bib17]\].

Despite this, data on risk factors, clinical presentations, treatment outcomes and barriers to care of patients were scanty in Ethiopia among stroke patients \[[@bib34],[@bib40]\]. This paucity of data in the country\'s setting limits the formulation of appropriate interventions \[[@bib39]\]. The data for this study were part of a huge study project done in a stroke unit of Jimma university medical center with novel and extensive findings focusing on stroke. Therefore, the aim of the current study was to assess 30-day and 60-day mortality rates and predictors of mortality among adult patients admitted to the stroke unit of Jimma university medical center.

2. Patients and methods {#sec2}
=======================

2.1. Study setting, design, period and participants {#sec2.1}
---------------------------------------------------

The study was conducted at stroke unit of Jimma university medical center (JUMC), a tertiary hospital in Jimma city, south-west Ethiopia. It is the main referral center for neurology patients in southwest Ethiopia. A prospective cohort study was carried out for 4 consecutive months from March 10- July 10, 2017. Those patients died before evaluation, changed the initial diagnosis of stroke, patients diagnosed with a transient ischemic attack, hematomas, stroke transformation, undetermined type of stroke and readmitted cases were excluded from the study. One hundred sixteen (116) patients of ≥18 years of age full filling the inclusion criteria were included as described elsewhere \[[@bib35],[@bib41], [@bib42], [@bib43], [@bib44]\]. Hence, the characteristics of study participants in this finding share similarities with previously published articles of the same study project. The work has been reported in line with the strengthening the reporting of cohort studies in surgery (STROCSS) criteria \[[@bib45]\].

2.2. Outcome and validating methods of measurements {#sec2.2}
---------------------------------------------------

Stroke case fatality (30 and 60-day mortality) was considered the primary outcome. Patients were followed from hospital arrival until the end of the study period. Within admission of 30 and 60 days mortality was assessed by close follow up of the patient through telephone interview of the patient/caregiver/proxy on a weekly basis after patients were discharged from the hospital. Since most patients were died in their homes without a death certificate, the death of patients was confirmed only by the information obtained from the patient\'s family/caregiver.

2.3. Data collection process {#sec2.3}
----------------------------

A pretest was done on 5% of patients to ensure the validity and reliability of the data collection tool. After pretesting, all necessary adjustments were made on the data collection instruments before implementing them in the main study. Data were collected by trained two nurses and one internal medicine resident using a checklist sheet from the medical records and interviews of the patients/caregivers. The needed history used for the study was taken from the patient and/or relatives in the language they understood. Initial neurological assessment was performed within 24 h of hospital arrival. The decision to perform different ancillary tests, laboratories, and imaging, as well as clinical history taking was left to the treating clinicians. Using the data collection tool, all relevant information about each patient such as sociodemographic characteristics, clinical information, treatment outcomes, length of survival and outcomes was recorded.

2.4. Data processing and analysis {#sec2.4}
---------------------------------

Checked data was cleaned and entered into Epidata version 3.1 and analysis of data was carried out using the Statistical Program for Social Sciences (SPSS) version 20.0. Continuous variables were presented in mean (standard deviation) or median (inter-quartile ranges) when skewed in distribution. Categorical variables were presented as frequency and proportions. A chi-square test was used to test the association between stroke outcome and various categorical variables. Trends within 30-day and 60-day mortality after stroke were compared before and after adjustment for covariates. We computed the overall unadjusted weighted proportions of stroke hospitalizations that resulted in death across time. Because adequate significant variables were obtained at p \< 0.05, it was considered as a cutoff point for candidate selection and those identified variables at p \< 0.05 on binary cox regression were subjected to multivariable cox regression with a backward stepwise approach to identify predictors of mortality at 30 and 60 days. The 30 and 60-day mortality rate of different predictor variable were compared using Kaplan--Meier method and the significance of the difference were checked using the log-rank test. Statistical tests were considered significant when the p-value was \<0.05. The data analysis and correlation were done based on the selected variables for addressing all specific objectives adequately. Finally, the results were assessed and presented by using charts, tables, and texts.

2.5. Ethics approval and consent to participate {#sec2.5}
-----------------------------------------------

Ethical clearance was obtained from the Institutional Review Board (IRB) of Jimma University, Institute of health with the reference number of [IHRPGC/107/207.]{.ul} Permission was obtained from the responsible bodies of the JUMC and stroke unit prior to the interview and review of the patient data. At hospital, written informed consent was obtained from the study participants. All patients got the right to opt-out of the research. For patients that have altered levels of consciousness or severe aphasias, an appropriate substitute decision-maker (i.e. close family member, relatives/proxy/caregiver) was given the consent. Additionally, verbal consent was obtained from patients or a next-of-kin and the telephone numbers of those who accepted to participate were obtained. The data from the case records and the interview was handled with strong confidentiality. Neither the case records nor the data extracted were used for any other purpose. The confidentiality and privacy of patients were assured throughout by removing identifiers from data collection tools using different codes. The study was registered at [researchregistry.com](http://researchregistry.com){#intref0010} with a unique reference number of "researchregistry5260".

3. Result {#sec3}
=========

3.1. 30-day baseline characteristics and follow-up outcome {#sec3.1}
----------------------------------------------------------

Of the total 116 study patients, 60 (51.7%) patients had an IS while, 56 (48.3%) had HS with intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH) accounted for 44.0% and 4.3%, respectively. The mean age of patients who died within 30 days was 53.26 ± 14.23 years while those alive was 55.86 ± 14.05 years. Both male and female stroke patients died within 30 days were more common in rural than in the urban without a statistical difference (p = 0.547). From the sociodemographic and other baseline characteristics, none of them had any association with stroke outcome at 30-day upon the chi-square (p \> 0.05) ([Table 1](#tbl1){ref-type="table"}).Table 1Sociodemographic and other baseline characteristics and 30-day mortality among adult patients admitted to stroke unit of JUMC from March 10-July 10, 2017.Table 1VariablesTotal (n = 116)Died at 30-day (n = 34)Alive at 30-day (n = 81)Age (years)Mean ± SD55.14 ± 14.0453.26 ± 14.2355.86 ± 14.05\<4526 (22.4%)11(32.4%)15(18.5%)45--6565 (56.0%)16(47.1%)48(59.3%)\>6525 (21.6%)7(20.6%)18(22.2%)SexMale73 (62.9%)23(67.6%)50(61.7%)Female43 (37.1%)11(32.4%)31(38.3%)ResidenceRural84 (72.4%)24(70.6%)59(72.8%)Urban32 (27.6%10(29.4%)22(27.2%)Marital statusMarried104 (89.7%)32(94.1%)72(88.9%)Widow11 (9.5%)2(5.9%)9(11.1%)Divorced1(0.9%)----EthnicityOromo82 (70.7%)30(88.2%)51(63.0%)Kafa15 (12.9%)1(2.9%)14(17.3%)Amhara8 (6.9%)1(2.9%)7(8.6%)Dawuro6 (5.2%)2(5.9%)4(4.9%)Others5 (4.3%--5(6.2%)ReligionMuslim71 (61.2%)26(76.5%)44(54.3%)Orthodox35(30.2%)7(20.6%)28(34.6%)Protestant9 (7.8%)1(2.9%)8(9.9%)Traditional belief1(0.9%)--1(1.2%)Education statusUnable to read and write42 (36.2%)14(41.2%)27(33.3%)Able to read and write, informal education49 (42.2%)12(35.3%)37(45.7%)Elementary school (1--8)17 (14.7%)6(17.6%)11(13.6%)Secondary school (9--12)3 (2.6%)1(2.9%)2(2.5%)College/university or above5 (4.3%)1(2.9%)4(4.9%)Occupational status (over the last 1years)Agriculture/farmer44 (37.9%)13(38.2%)31(38.3%)Homemaker/housewives41 (35.3%12(35.3%)28(34.6%)Merchant11 (9.5%)1(2.9%)10(12.3%)Retired6 (5.2%2(5.9%)4(4.9%)Government employee5 (4.3%)1(2.9%)4(4.9%)Other own business work5 (4.3%)2(5.9%)3(3.7%)Skilled/unskilled manual labor/daily worker4 (3.4%)3(8.8%)1(1.2%)Employment levelUnemployed- own/self-work101 (87.1%)28(82.4%)72(88.9%)Unemployed -- Retired6 (5.2%)2(5.9%)4(4.9%)Professional employment5 (4.3%1(2.9%)4(4.9%)Casual employment4 (3.4%)3(8.8%)1(1.2%)Body mass index (BMI) (kg/m^2^)Mean ± SD21.22 ± 3.3820.94 ± 3.1421.43 ± 3.40≤18.5 (underweight)24 (20.7%6(17.6%)17(21.0%)18.6--24.9 (normal)74 (63.8%)25(73.5%)49(60.5%)25.0--29.9 (overweight)18 (15.5%)3(8.8%)15(18.5%)Home distance of the patient from hospital (km)Median (IQR)45 (18--100)45(18--68.03)47.9(14.0--106.10)≤10 km23 (19.8%)5(14.7%)18(22.2%)10.01--50 km46 (39.7%)17(50.0%)28(34.6%)50.01--100 km20 (17.2%)8(23.5%)12(14.8%)\>100 km27 (23.3%)4(11.8%)23(28.4%)Living situation during pre-strokeIndependent at home99 (85.3%)29(76.5%)70(86.4%)Dependent at home14 (12.1%)4(11.8%)9(11.1%)hospital/health center3 (2.6%)1(2.9%)2(2.5%)Feeding habitsMixed diet95 (81.9%)26(76.5%)69(85.2%)Non vegetarian15 (12.9%)5(14.7%)9(11.1%)Vegetarian6 (5.2%)3(8.8%)3(3.7%)Approximated monthly income (ETB)Median (IQR)500 (200--1000)500(137.5--872.5)500(200--1100)\<500 birr66 (56.9%)22(64.7%)43(53.1%)501-1000 birr25 (21.6%)7(20.6%)18(22.2%)\>1000 birr25 (21.6%)5(14.7%)20(24.7%)[^1]

At 30-day follow-up, 81 (69.8%) patients were alive, 34 (29.3%) patients were died, and one patient (0.9%) was lost to follow-up. From those patients that were alive for 30 days, 80 (98.8%) were present in their home and 1(1.2%) was in the health facility.

The median (IQR) length of survival after hospital admission for stroke patients who died within 30 days was 4.65 (2.34--11.80) days and the median length of survival after hospital discharge was 13.58 (8.99--17.40) days. The median (IQR) length of survival after hospital admission for ischemic and hemorrhagic stroke patients who died within 30 days was 4.75 (2.25--19.67) days and 4.58 (2.35--10.32) days, respectively. The median (IQR) length of survival after hospital discharge for ischemic and hemorrhagic stroke patients who died within 30 days was 12.75(8.28--18.77) days and 13.75 (8.48--17.40) days, respectively.

The 30-day crude mortality was 23 (41.1%) for hemorrhages and 11 (18.3%) for IS which was statistically significant (HR: 2.56, 95% CI: 1.25--5.25, p = 0.011). The 30-day case fatality was lower in the rural community (28.6 vs. 31.2%), but it was higher in males (31.5% vs. 25.6%). There was a significant difference between patients who were died and survived to 30 days from hospital admission with respect to NIHSS (National Institutes of Health Stroke Scale) and GCS (Glasgow Coma Scale) at hospital arrival as well as GCS and mRS (modified Rankin scale) at discharge. The median length of hospital stay was lower among those who died compared to those alive at 30 days (4.36 vs. 9.56 days) which was statistically significant (p \< 0.001) ([Table 2](#tbl2){ref-type="table"}).Table 2Some selected prognostic factors for stroke patients during the 30-day follow-up among adult patients admitted to stroke unit of JUMC from March 10-July 10, 2017.Table 2Some selected prognostic factorsDied at 30-dayAlive at 30-dayχ2p-valueAt hospital arrivalTime interval from onset of stroke to hospital arrival \[median(IQR)\]19.0(11.88--75.00)28.0(8.50--67.50)3.00.558NIHSS (Mean ± SD)21.85 ± 7.1813.15 ± 6.1030.610.000GCS(Mean ± SD)9.74 ± 3.6013.09 ± 2.7140.120.000At hospital dischargeNIHSS (Mean + SD)15.22 ± 6.709.77 ± 5.506.360.095GCS (Mean ± SD)13.22 ± 2.5414.52 ± 1.349.220.010mRS(Mean + SD)5.44 ± 1.163.37 ± 1.1876.690.000Length of hospital stay\[Median(IQR)\]4.36(2.22--6.41)9.56(5.95--14.17)27.380.000[^2]

On multivariable Cox regression analysis, elevated ALT (alanine aminotransferase) level, diagnosis of stroke clinically alone, development of brain edema during hospitalization and NIHSS≥13 during hospital arrival were the independent predictors of 30-day mortality.

The 30-day mortality of patients who had severe to very severe NIHSS (≥13) during hospital arrival was 6.5 times more likely compared to patients with mild to moderate NIHSS (\<13) (AHR: 6.49, 95% CI: 1.90--22.22, p = 0.003). Similarly, the 30-day mortality rate of patients who had elevated ALT levels during hospital arrival was about 4 times more likely compared to patients who had normal ALT levels (AHR: 3.77, 95% CI: 1.34--10.57, p = 0.012). Moreover, patients who had stroke diagnosed clinically without imaging confirmation were 4 times more likely to die at 30-day compared to patients who had diagnosed by imaging modalities (AHR: 3.90, 95 CI: 1.49--10.26, p = 0.006). Finally, the 30-day mortality rate of patients who developed brain edema (increased intracranial pressure) during hospitalization was about 4 times more likely compared to patients without brain edema (AHR: 4.28, 95% CI: 1.61--11.37, p = 0.004) ([Table 3](#tbl3){ref-type="table"}).Table 3Predictors of 30-day mortality among adult stroke patients admitted to stroke unit of JUMC.Table 3VariablesDied at 30-dayAlive at 30-dayCHR\
95%CIp-valueAHR\
95%CIp-valueGCS of the patient on hospital arrival≤81259.00 (3.76--21.54)\<0.0019--1213203.66 (1.56--8.57)0.00313--159561.00NIHSS at hospital arrival≥1331418.01 (2.45--26.23)0.0016.49 (1.90--22.22)0.003\<133401.001.00Temperature at hospital arrival\>37.1 °C1063.03 (1.44--6.36)0.003≤37.1 °C24751.00Neck stiffness presentationYes872.32 (1.05--5.18)0.037No26741.00Comatose presentationyes744.66 (2.02--10.77)\<0.001No27771.00DiagnosisClinically22322.57 (1.27--5.19)0.0093.90 (1.49--10.26)0.006Imaging12491.001.00Type of the strokeHemorrhagic23332.56 (1.25--5.25)0.011Ischemic11481.00ALT levelElevated792.60 (1.06--6.37)0.0383.77 (1.34--10.57)0.012Normal15631.001.00Brain edema complicationYes20154.86 (2.44--9.60)\<0.0014.28 (1.61--11.37)0.004No14661.001.00Aspiration pneumoniaYes12112.88 (1.42--5.83)0.003No22701.00[^3]

Survival probability curves derived from Log-rank Kaplan Meier of 30-day with different factors were shown ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Survival probability curves derived from Log rank Kaplan Meier of mortality after 30 days follow up and GCS at hospital arrival (A), NIHSS of patient during hospital arrival (B), diagnostic modalities (C) and type of stroke (D).Fig. 1

3.2. 60-day baseline characteristics and follow-up outcome {#sec3.2}
----------------------------------------------------------

The mean age of patients who died at 60-day was 56.09 ± 14.10 years and those alive at 60-day was 54.28 ± 14.20 years. From the socio-demographic and other baseline characteristics, occupational status had an association with stroke mortality at 60-day upon the chi-square (p = 0.028) ([Table 4](#tbl4){ref-type="table"}).Table 4Sociodemographic and other baseline characteristics and 60-day mortality among adult patients admitted to stroke unit of JUMC from March 10-July 10, 2017.Table 4VariablesDied at 60-day (n = 46)Alive at 60-day (n = 68)Age (years)Mean ± SD56.09 + 14.1054.28 ± 14.20\<4512(26.1%)12(17.6%)45--6521(45.7%)12(17.6%)\>6513(28.3%)14(20.6%)SexMale29(63.0%)43(63.2%)Female17(37.0%)25(36.8%)ResidenceRural34(73.9%)49(79.1%)Urban12(26.1%)19(27.9%)Marital statusMarried43(93.5%)60(88.2%)Widow3(6.5%)8(11.8%)Divorced----EthnicityOromo37(80.4%)43(63.2%)Kafa2(4.3%)13(19.1%)Amhara2(4.3%)6(8.8%)Dawuro3(6.5%)3(4.4%)Others2(4.3%)3(4.4%)ReligionMuslim33(71.7%)36(52.9%)Orthodox10(21.7%)25(36.8%)Protestant2(4.3%)7(10.3%)Traditional belief1(2.2%)0(0%)Education statusUnable to read and write21(45.7%)20(29.4%)Able to read and write, informal education15(32.6%)33(48.5%)Elementary school (1--8)8(17.4%)9(13.2%)Secondary school (9--12)1(2.2%)2(2.9%)College/university or above1(2.2%)4(5.9%)Occupational status (over the last 1years)Agriculture/farmer18(39.1%)25(36.8%)Homemaker/housewives18(39.1%)22(32.4%)Merchant1(2.2%)10(14.7%)Retired2(4.3%)4(5.9%)Government employee1(2.2%)4(5.9%)Other own business work2(4.3%)3(4.4%)Skilled/unskilled manual labor/daily worker4(8.7%)0(0%)Body mass index (BMI) (kg/m^2^)Mean ± SD21.21 ± 3.1621.25 ± 3.42≤18.5 (underweight)7(15.2%)16(23.5%)18.6--24.9 (normal)32(69.6%)42(61.8%)25.0--29.9 (overweight)7(15.2%)10(14.7%)Home distance of the patient from hospital (km)Median (IQR)45(18.0--68.10)50.0(13.0--106.55)≤10 km7(15.2%)16(23.5%)10.01--50 km24(52.2%)20(29.4%)50.01--100 km8(17.4%)20(29.4%)\>100 km7(15.2%)12(17.6%)Living situation during pre-strokeIndependent at home37(80.4%)61(89.7%)Dependent at home8(17.4%)5(7.4%)hospital/health center1(2.2%)2(2.9%)Feeding habitsMixed diet37(80.4%)57(83.8%)Non vegetarian6(13.0%)8(11.8%)Vegetarian3(6.5%)3(4.4%)Approximated monthly income (ETB)Median (IQR)500(137.50--770)550(200--1200)\<500 birr31(67.4%)34(50.0%)501-1000 birr8(17.4%)16(23.5%)\>1000 birr7(15.2%)18(26.5%)[^4]

At 60-day follow-up, 68 (58.6%) patients were alive, 46 (39.7%) were died and 2 (1.7%) were lost to follow-up. All patients that were alive during the end of 60-day were present at their home. The 60-day crude mortality in the current study population was 30 (53.6%) for hemorrhages and 16 (26.2%) for IS which was statistically significant (HR: 2.42, 95% CI: 1.32--4.44, p = 0.004).

The median (IQR) length of survival after hospital admission for patients who died within 60 days was 9.3(3.93--33) days and the median length of survival after hospital discharge was 18.0(12.8--32.2) days. The median (IQR) length of survival after hospital admission for IS and HS patients who died within 60 days was 16.7(3.4--40.2) and 7.8(3.7--29.3) days, respectively. The median (IQR) length of survival after hospital discharge for IS and HS patients died within 60 days after admission was 13.7(9.6--27.5) days and 21.3(14.6--33) days, respectively. There was a significant difference between patients who died and survived to 60-day from hospital admission with respect to NIHSS and GCS at hospital arrival as well as GCS and mRS at discharge. The median length of hospital stay was lower among those who were died compared to alive at 60 days (4.36 vs. 9.56 days) which was significantly different (p \< 0.001) ([Table 5](#tbl5){ref-type="table"}).Table 5Some selected prognostic factors of stroke 60- day follow-up among adult patients admitted to stroke unit of JUMC from March 10-July 10, 2017.Table 5Some prognostic factorsDied at 60th dayAlive at 60th dayχ2p-valueAt hospital arrivalTime interval from onset of stroke to hospital arrival\[median(IQR)\]19(11.50--65.45)29(8.25--71.38)1.150.886NIHSS (Mean ± SD)21.1 ± 7.212.2 ± 5.432.900.000GCS(Mean ± SD)10.2 ± 3.613.3 ± 2.624.300.000At hospital dischargeNIHSS (Mean ± SD)16 ± 6.58.50 ± 4.122.760.000GCS (Mean ± SD)13 ± 2.414.8 ± 0.716.610.000mRS (Mean ± SD)5.2 ± 1.13.18 ± 1.155.700.000Length of hospital stay\[median(IQR)\]4.6(2.5--8.7)9.71(5.7--13.9)15.130.002[^5]

On multivariable Cox regression analysis, discharge against medical advice and mRS at discharge were the independent predictors of 60-day mortality. The 60-day mortality rate of patients who had severe mRS (4--5) during discharge was about 4 times more likely compared to with mild to moderate mRS (≤3) (AHR: 3.64, 95% CI: 1.01--13.16, p = 0.049). Similarly, the 60-day mortality rate of patients who left against medical advice (LAMA) on self and family request from the hospital was 6.5 times more likely compared to patients that were discharged with medical advice (AHR: 6.40, 95% CI: 2.31--17.73, p \< 0.001) ([Table 6](#tbl6){ref-type="table"}).Table 6Predictors of 60-day mortality among adult stroke patients admitted to stroke unit of JUMC.Table 6VariablesDied at 60-dayAlive at 60- dayCrude HR\
95%CIp-valueAHR\
95%CIp-valueGCS of the patient on hospital arrival≤81437.78 (3.67--16.48\<0.0019--1218153.34 (1.67--6.73)0.00113--1514501.00NIHSS at hospital arrival≥1339334.51 (2.02--10.10)\<0.001\<137351.00Coma presentationYes833.90 (1.81--8.38)0.001No38651.00Type of the strokeHemorrhagic30262.42 (1.32--4.44)0.004Ischemic16421.00ALT levelElevated1062.80 (1.32--5.91)0.0072.72 (0.98--7.56)0.055Normal22551.00Brain edema complicationYes22133.29 (1.84--5.90)\<0.001No14551.00Aspiration pneumoniaYes1492.41(1.23--4.52)0.006No32591.00Discharge condition of patientLAMA1157.42 (3.13--17.62)\<0.0016.40 (2.31--17.73)\<0.001\*With medical advice10631.00mRS at discharge4--517275.09 (1.71--15.16)0.0033.64 (1.01--13.16)0.049\*≤34411.00NIHSS at hospital discharge≥1313125.09 (1.71--15.16)0.003\<138561.00GCS of the patient at discharge≤81023.13 (2.64--202.48)0.0059--12625.22 (1.99--13.66)0.00113--1514661.00Length of hospital stay (days)\>145170.23 (0.09--060)0.0037.01--1412320.30 (0.51--0.58\<0.001≤729191.00[^6]

Survival probability curves derived from Log-rank Kaplan Meier of 60 days with different factors were shown ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2Survival probability curves derived from Log rank Kaplan Meier of mortality after 60 day follow up and type of stroke (A), discharge condition of the patient (B), mRS at discharge (C) and length of hospital stay (D).Fig. 2

4. Discussion {#sec4}
=============

This prospective cohort study was conducted among stroke patients in Ethiopia to identify the rate and determinants of stroke mortality by following the outcome of the patients after patients were discharged from the hospital. On 30-day follow-up, 34 (29.3%) patients were died which was comparable with the study in Gambia 27% \[[@bib46]\] and Uganda 26.8% \[[@bib11]\]. This was also similar to the 30-day case fatality rate of 30% reported in a systematic review of hospital-based prospective studies in Sub-Saharan \[[@bib32]\]. However, the rate was higher compared to study in Nigeria 17.7% \[[@bib47]\] and Cameron 23.2% \[[@bib48]\]. The 30-day mortality was lower than a study in Vietnam 36.4% \[[@bib49]\] and Mozambique 49.6% \[[@bib50]\]. The 30-day crude mortality in the current study population was higher for HS patients, which was statistically significantly similar to previous studies \[[@bib48], [@bib49], [@bib50], [@bib51]\]. The mortality rate might vary with the severity of the stroke, set up of the hospital, complications, available resources, comorbidities and experts available in caring of the patients.

Elevated ALT level, diagnosis of stroke clinically alone, development of brain edema during hospitalization and NIHSS≥13 during hospital arrival were the independent predictors of 30-day mortality. A study in Vietnam showed that the predictors of 30-day mortality were hemorrhagic stroke type, worse pre-stroke mRS, disturbed consciousness, absence of observed weakness at presentation, higher diastolic blood pressure, higher glucose levels, current tobacco smoking and history of hypercholesterolemia \[[@bib49]\]. Another study in Cameron revealed that fever, swallowing difficulties, high NIHSS and elevated systolic blood pressure were independent predictors of 1-month mortality \[[@bib48]\]. Also, a study in Uganda showed that initial level of consciousness, stroke severity at admission and fasting blood sugar were independent predictors of mortality at 30-day \[[@bib11]\]. Moreover, a study by Kortazar-Zubizarreta et al. reported that higher stroke severity (NIHSS ≥ 14) and potentially modifiable complications confer an increased risk of stroke-related death \[[@bib8]\]. A study by Saposnik G et al. also reported that stroke severity and certain processes of care were associated with case fatality at 30-day \[[@bib52]\].

The NIHSS is a well-validated tool for assessing initial stroke severity, has previously been shown to be associated with mortality \[[@bib53]\]. In the majority of studies, stroke severity was the most predictor of mortality at 30 days. Stroke severity on admission which depends on the level of consciousness was the main clinical predictor of early mortality in many previous studies \[[@bib54],[@bib55]\].

From current study findings, it was prudent to see that patients who had stroke diagnosed clinically without imaging confirmation were about 4 times more likely to die at 30-day compared to patients who had diagnosed by imaging modalities. This was due to poor confirmation of the type of stroke-related to a shortage of radiologists, the presence of only one CT scan, frequent malfunction of the CT scan and the cost of imaging. Clinical factors were used to identify the patient\'s stroke subtypes in our set up.

Clinical diagnosis of stroke sub-type is erroneous in some cases, therefore brain imaging is mandatory to confirm the stroke, lesion and rule out other causes. However, systematic brain imaging is impossible for all patients because of the shortage of CT scans and generalized social welfare. Clinical decision rules could be used to determine which patients are more likely to have acute ischemic stroke versus acute intracerebral hemorrhage, although these rules have been found to have a limited predictive capacity \[[@bib56]\]. The discrepancy in predictors of mortality at 30 days might be due to sampling size, significance value used, eligibility criteria of the patient, dimensions of factors, set up of the hospital for the management, diagnosis, and care of the patients.

Stroke patients in Ethiopia are often significantly delayed in arriving at the hospital or health care because of long transport distances and delayed referral systems. Other factors included economic problems, lack of family or social support systems and patients' misconceptions about their symptoms. While we do not currently have the capacity for thrombolysis in JUMC, other supportive care measures are available for stroke victims, including airway management, blood pressure control, antiplatelet therapy, anticoagulation and neurosurgical decompression for increased intracranial pressure. The lack of functional CT scanners to diagnose strokes, the lack of ambulances to transport stroke patients to appropriate health care facilities and poorly organized referral systems are major challenges in stroke care in our setting.

Elevated ALT was another is an independent predictor of stroke mortality at 30-day. This finding correlates with the previous studies by Kim et al. that showed an elevated aminotransferase level is a predictor of ICH \[[@bib57],[@bib58]\] and a study by Bhatia et al. also identified as elevated ALT level was important indicators of 30-day mortality in patients with first-time IS \[[@bib59]\]. The association between high ALT and Cardiovascular diseases (CVD) or mortality is explained by CVD risk factors (mostly due to underlying hepatic inflammation or nonalcoholic fatty liver disease) that are more prevalent in subjects with high ALT \[[@bib60]\]. Serum aminotransferase levels are known to be associated with cardiovascular risk factors and showed non-linear associations with mortality \[[@bib57],[@bib61], [@bib62], [@bib63]\].

On a 60-day follow-up, 46 (39.7%) patients were died, which was significantly higher among HS stroke as compared to IS patients. Left against medical advice (LAMA) and mRS at discharge were the independent predictors of 60-day mortality. The patients who were LAMA on self and family request from the hospital died at the rate of 6.5 times more than those patients that were discharged with medical advice. This was because most patients LAMA without any diagnosis or management made the condition worse and favors mortality. Thus, appropriate counseling of the patient who LAMA is mandatory. Additionally, for patients discharged to other wards, intensive coordination from for better management and care of the patient is necessary.

The 60-day mortality rate of patients who had severe mRS (4--5) during discharge was about 4 times more likely compared to with mild to moderate mRS (≤3). A similar factor was responsible for the poor functional outcome among the patients seen in the study by Nakibuuka et al. \[[@bib11]\]. According to the study by Rathore et al. high mRS on admission depicting functional disability was one of the predictors of high mortality \[[@bib20]\]. The early recovery in activities of daily living among stroke patients in developed countries is generally more favorable \[[@bib11]\]. Patients with severe mRS are bedridden, incontinent, who require continuous assistance and constant nursing care and attention. These patients had severe medical and neurological disabilities that impair their functional ability, exposing them to different chronic and infectious diseases \[[@bib64]\]. This could expose them to mortality and long term disability. Thus, the management and supportive care of the patients should also consider the functional ability of the patient. This could be achieved by a coordinated effort from health professionals and family/caregiver of the patient. Hence, the high death rates in stroke patients could be reduced by implementing preventive and specific therapeutic strategies.

Stroke mortality may be increasing, but there are no population-based incidence studies that come close to meeting accepted ideal standards \[[@bib32]\]. Furthermore, the majority of cases were identified in hospitals and so are unlikely to be representative of the totality of stroke cases in the community \[[@bib65]\]. Only a few reliable data are available to identify risk factors for stroke in most LMICs regions and particularly for HS \[[@bib7]\]. Although the burden of stroke has increased in developing countries, health care services have not caught up due to scant resources for acute care and rehabilitation \[[@bib10],[@bib30]\]. The challenges to providing health care services for stroke in developing countries include lack of awareness about stroke risk factors, economic resources for well-functioning healthcare systems, unaffordable cost of tPA (tissue-type plasminogen activator), lack of rehabilitation facilities and preference for alternative and complementary medicines over modern medicines \[[@bib12],[@bib28],[@bib30]\].

One other potential reason for these poorer outcomes may be uncertainty among physicians about how best to manage patients presenting with acute stroke when CT is unavailable to distinguish IS from HS \[[@bib66]\]. The number of stroke patients receiving r-tPA in the LMICS is extremely low. Prehospital delay, financial constraints and lack of infrastructure are the main barriers of thrombolytic therapy \[[@bib42],[@bib44],[@bib67]\]. Furthermore, as most guidelines are based on data from developed countries, uncertainty remains regarding the best management of the unknown types of stroke in LMICs \[[@bib1]\]. Like other LMICs resources for stroke care and rehabilitation are deficient in Ethiopia \[[@bib17]\].

Stroke is a heterogeneous syndrome and providing appropriate management to patients with acute stroke depends on the underlying etiology of the stroke \[[@bib66],[@bib68]\]. Time to care is also very important to save brain tissue but there are unique challenges in LMICs \[[@bib34]\]. Identification of early outcomes, post-stroke mortality and their predictors are important in stroke management strategies \[[@bib11]\]. To reduce the overall burden of stroke in the society organized approach is needed to predict mortality and morbidity in stroke especially aggressive management for complications of stroke \[[@bib22],[@bib44]\].

4.1. Strengths and limitations of the study {#sec4.1}
-------------------------------------------

An important strength of our study was its prospective study design and the enrollment of consecutive patients. All data were collected prospectively and uniformly which was based on a general neurology clinical practice setting. We scanned every factor longitudinally as far as possible within our infrastructure, then conclude by a standard statistical method. The study provides a preliminary database on mortality which can inform stroke management strategies and interventions required to decrease mortality associated with stroke. We have performed a detailed initial assessment including NIHSS, GCS, and mRS to evaluate for determinants of outcome in a series of patients. Additionally, only a few patients were lost to follow-up. Also, we have used methods of survival analysis with competing for risk that allowed us to estimate the risks of mortality at 30 and 60-day.

There were some limitations to our study that deserve comment. First, our study recruited patients who were present in the hospital for stroke were introducing a selection bias whereby stroke severity extremes might not be included (very minor or rapidly fatal). Our study was based on data acquired in a single hospital, may not be readily comparable to the patterns of in‐hospital stroke mortality in multicenter studies. However, we had attempted to include all consecutive patients with acute stroke to reduce any selection bias. Although our overall findings were consistent, hospital-based controls could underestimate the true association for some risk factors.

Secondly, the sample size was small hampering the analysis of some prognostic indicators due to the short recruitment period. Sixty-day follow-up is too short to identify the outcome of acute stroke. Indeed, a prospective community-based cohort design would require thousands of stroke-free subjects who would need to be followed up for several years to know the outcome of patients even after patients were discharged. In the LMIC setting, resources are not available for this and results are urgently required to help implement the stroke intervention like patient management, prevention, acute care, and rehabilitation services.

Third, we followed up patients by telephone, not by face to face interview. Thus, the detailed data of stroke severity, recovery and disability could not be collected in this study and the accuracy of these self-reported events needs to be evaluated. Finally, diagnostic investigations were undertaken based on the subject\'s syndrome, rather than a complete evaluation of the cases to rule out as evidenced by the similar proportions of inadequate workup. In many cases, the investigators were not the primary treating physicians and it was difficult to validate some of the diagnosis made by other physicians. Despite these limitations, this study provides novel information on similarities between variables associated with case fatality at different points.

5. Conclusions {#sec5}
==============

The increasing burden of chronic diseases including stroke in LMICs like Ethiopia poses a challenge to the health care system and the community as a whole. Stroke has significantly affected the morbidity and mortality in our country. At 30-day follow-up, the majority of them were alive, but about one-third of the patients were died. Elevated ALT level, diagnosis of stroke clinically alone, development of brain edema during hospitalization, and having NIHSS≥13 during hospital arrival were the independent predictors of 30-day mortality.

At 60-day follow-up, the majority of them were alive, about two-fifths of the patients were died. LAMA on discharge and mRS at discharge were the independent predictors of 60-day mortality. In general, the mortality rates of stroke in JUMC was similar to other most LMICs. The disparity in mortality of stroke across different regions of the world was likely to be due to a combination of differences in risk factor prevalence, environmental, facility for the care, genetic and study design.

Therefore, urgent strategic intervention is needed to overcome the current factors associated with mortality among stroke patients in LMICs including Ethiopia. From a public health point of view, preventive measures to reduce the risk of stroke would provide additional cross-cutting benefits. Efforts should be made to establish best practices for acute stroke care in our settings. Educational programs for front-line health-care providers and focusing on simple supportive interventions could improve outcomes in settings where advanced diagnostics and treatment of stroke remain limited. The Ethiopian ministry of health should develop and implement generalized protocol guidelines for in-hospital management and post-stroke follow-up. Different organizations that work in areas of non-communicable disease should focus on the current debilitating conditions of stroke in SSA including Ethiopia through better funding of the health care system to improve the quality of care. In the absence of these interventions, stroke-related mortality will regrettably continue. Development of a network of local and regional stroke centers with expertise in early stroke evaluation and management may address some of the challenges around timely diagnosis and referral.

Finally, there is a need to provide better care and future planning for stroke patients as an emergency diagnosis and treatment to minimize mortality and disability among stroke survivors. A prospective community-based stroke incidence and prevalence studies are required to define the true mortality of stroke. Hence, future studies collecting data from a large number of centers, and carrying out a pooled data analysis may detect further determinants of stroke mortality.
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[^1]: \*Ethnicity others: Silte, Yem, Tigire, Nuwer; ETB: Ethiopian birr, SD: standard deviation; IQR: interquartile range.

[^2]: \*GCS: Glasgow coma scale, IQR: Interquartile range, mRS: modified Rankin score, NIHSS: National institute of health stroke scale, SD: Standard deviation.

[^3]: \*AHR: Adjusted Hazard ratio, ALT: Alanine amino transferase, CHR: Crudes hazard ratio, GCS: Glasgow coma scale, 30D: Within 30 day mortality after admission, NIHSS: national institute of health stroke scale.

[^4]: \*Ethnicity others: Silte, Yem, Tigire, Nuwer: ETB: Ethiopian birr, SD: standard deviation; IQR: interquartile range.

[^5]: \*GCS: Glasgow coma scale, IQR: Interquartile range, mRS: Modified Rankin score, NIHSS: National institute of health stroke scale, SD: Standard deviation.

[^6]: \*AHR: adjusted Hazard ratio, ALT: Alanine amino transferase, GCS: Glasgow coma scale, 60D: Within 60 day mortality after admission, LAMA: Left against medical advice, NIHSS: National institute of health stroke scale, mRS: modified Rankin score.
